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(57) ABSTRACT 

A method of inspecting the Steam inlet sleeves on high 
preSSure outer cylinders and the nozzle chamber to cylinder 
welds on the high pressure Steam turbines using linear 
phased array ultraSonic transducers. The transducers are 
Supported on the Surface of the component to be monitored. 
The transducers are then move axially while monitoring the 
transducer's output to identify the location to be monitored. 
The axial extent of the transducers are then fixed and the 
transducers are moved circumferentially around the Surface 
of the component at least 360 while noting outputs of the 
transducers indicative of fatigue-induced flaws. The trans 
ducers are then routed to the location on the wall of the 
component where the most Significant flaw was noted. Then 
the transducers are Successively focused at different depths 
in the wall where the most significant flaw was identified to 
further characterize the depth and size of the flaw. 

14 Claims, 7 Drawing Sheets 
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NONDESTRUCTIVE EXAMINATION OF 
HIGH PRESSURETURBINE CYLINDERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention pertains in general to the nondestructive 
examination of high pressure turbine outer cylinders and 
more particularly to the nondestructive examination of the 
main Steam inlet sleeves on Westinghouse high pressure 
outer cylinders and nozzle chamber to cylinder welds on the 
high pressure inner cylinders, employing linear phased 
ultraSonic transducer arrayS. 

2. Related Art 
Westinghouse and its Subsidiaries have been inspecting 

the Steam inlet components of Westinghouse turbine high 
preSSure cylinderS Since the 1970s employing as its primary 
means of inspection of the trepan region of the main Steam 
inlet nozzle a magnetic rubber inspection process. The main 
areas of concern are the trepan region of the main Steam inlet 
sleeves on the high pressure outer cylinder and the nozzle 
chamber to cylinder welds on the high preSSure inner 
cylinder. These regions are the areas of maximum StreSS 
build-up. The nozzle to inner cylinder welds are inspected 
using flexible fiber optics, ultrasonic transducers and a 
radiological examination process. 

The magnetic rubber inspection process requires two days 
of examinations plus a day for dust blasting. The proceSS 
also requires two 440 volt Set-ups for the magnetizing 
equipment employed to induce a magnetic field on the area 
to be inspected. The magnetic rubber inspection process 
provides a good Surface examination but the Sensitivity is 
dependent on the adequacy of the magnetic field that is 
induced that cannot be accurately verified. 

The magnetic rubber inspection technique uses a liquid 
(uncured) rubber containing Suspended magnetic particles. 
The rubber compound is applied to the area to be inspected 
on a magnetized component. Inspections can be performed 
using either an applied magnetic field, which is maintained 
while the rubber Sets, or a residual field from magnetization 
of the component prior to or shortly after pouring the 
compound. This latter technique is employed in inspecting 
the Westinghouse turbines. A dam of modeling clay, or an 
inflatable dam Such as that described in U.S. Pat. No. 
4,598,580, is often used to contain the compound in the 
region of interest. The rubber is allowed to set, which takes 
approximately two hours, and then the rubber cast is 
removed from the part. The rubber conforms to the surface 
contours and provides a reverse replica of the Surface. The 
rubber cast is examined for evidence of discontinuities, 
which appear as lines on the Surface of the molding. The 
molding can be retained as a permanent record of the 
inspection. 

Magnetic particle inspection uses the tendency of mag 
netic lines of force, or flux, of an applied field to pass 
through the metal rather than through the air. A defect at or 
near the metal Surface distorts the distribution of the mag 
netic flux and Some of the flux is forced to pass out through 
the Surface. The field Strength is increased in the area of the 
defect and opposite magnetic poles form on either Side of the 
defect. Fine magnetic particles within the uncured rubber 
Solution applied to the part are attracted to these regions and 
form a pattern around the defect. The pattern of particles is 
maintained by the induced magnetic field until the rubber 
cures and permanently captures the pattern as a visual 
indication of a defect. Operators employing magnetic par 
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2 
ticle inspection have to recognize nonrelevant error indica 
tions during examination. Proper analysis of indications in 
these regions will require considerable skill and experience 
and Supplemental examination methods are required before 
a final evaluation can be made. The technique cannot be used 
to determine flaw depth which further complicates interpre 
tation of the indications. 

A Visual inspection of the nozzle chamber to inner cyl 
inder welds is made using flexible fiber optics to examine the 
root of the welds for Service induced cracks, ultrasonic 
transducers are used to further verify cracks on the Sheer 
plane emanating from the Weld fillet radius of the trepan; and 
a radiological examination is performed to identify cracks 
running radially into the Weld or adjacent areas. 
The time to perform these inspections typically takes two 

to three days and can fall within the critical path of an 
outage. The radiological portion of the examination requires 
that the cylinder has to be isolated from all other work being 
performed and thus can delay work being performed in 
parallel. The work can be further held up if the equipment to 
perform the radiological exam or to magnetize the part is not 
timely available. Furthermore, these examinations do not 
provide crack depth information which complicates the 
characterizations of aberrations on the Surface that might be 
noted, as flaws induced by fatigue. 
Any fatigue-induced crack formed in either the trepan 

region of the Sleeves or the nozzle chamber to cylinder welds 
necessitates replacement of the main Steam inlet nozzle 
which can cost in the order of magnitude of S250,000 and 
Significantly extend an outage. Therefore, it is important that 
aberrations detected during the nondestructive examination 
be properly characterized. 

Accordingly, it is an object of this invention to provide an 
improved nondestructive examination process for identify 
ing cracks in the main Steam inlet nozzle sleeves and nozzle 
chamber to cylinder welds of high pressure turbines that 
does not require Surface preparation Such as the dust blasting 
Step required for the magnetic rubber inspection process. 

It is a further object of this invention to provide an 
improved inspection technique that Significantly reduces the 
time to inspect the main Steam inlet nozzle sleeves and 
nozzle chamber to cylinder welds of high preSSure turbines. 

It is a further object of this invention to provide such an 
improved nondestructive examination procedure that will 
identify the depth of any anomaly noted in the main Steam 
inlet nozzle Sleeves and the nozzle chamber to cylinder 
welds of high pressure turbines that will permit more 
accurate characterization of the anomalies as fatigue 
induced flaws. 

SUMMARY OF THE INVENTION 

The foregoing objects can be achieved by the method of 
this invention for inspecting a cylinder component of high 
preSSure cylinders of Steam turbines and more particularly, 
the main Steam inlet nozzle sleeves on high pressure outer 
cylinders and the nozzle chamber to cylinder welds on the 
high pressure inner cylinders, using linear phased array 
ultraSonics. The method comprises the Steps of Supporting a 
linear phased array of ultraSonic transducers at a first axial 
location on the Surface of the cylinder component and 
moving the linear phased array of ultrasonic transducers 
axially while monitoring the linear phased array of ultra 
Sonic transducers outputs to identify from the outputs the 
axial location to be monitored. The linear phased array of 
ultraSonic transducers are then fixed at the axial location to 
be monitored and are rotated circumferentially around the 
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surface of the cylinder component at least 360 while the 
outputs of the linear phased array of ultrasonic transducers 
are monitored to note indications indicative of fatigue 
induced flaws in the wall of the cylinder component. The 
linear phased array of ultraSonic transducers is then routed 
circumferentially around the fixed axial location to the 
location on the Surface of the cylinder component where the 
most significant flaw was noted during the previous Step. At 
the location where the flaw was noted the linear phased array 
of ultrasonic transducers are Successively focused at differ 
ent depths in the wall to further characterize the depth and 
size of the flaw. 

Preferably the linear phased array of ultrasonic transduc 
erS are Supported on the inside Surface of the cylinder 
component. However, where that is not possible, the linear 
phased array of ultraSonic transducers may be Supported on 
the outside Surface of the cylinder component. The phased 
array of ultraSonic transducers may be positioned and oper 
ated remotely especially where the geometry of the area to 
be inspected is not readily accessible. In the preferred 
embodiment the circumferential position of the phased array 
of linear transducers is encoded and recorded together with 
the data collected at the corresponding position on the 
Surface of the cylinder components. 
Where a significant indication of a potential flaw is 

detected a magnetic rubber nondestructive examination is 
conducted on the surface of the potential flaw. However, this 
additional Step is only expected to be necessary in 10 percent 
of the cylinder components monitored. Thus, there is a 
Substantial Savings in inspection time achieved by the 
method of this invention along with improved confidence in 
the quality of the results. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A further understanding of the invention can be gained 
from the following description of the preferred embodiments 
when read in conjunction with the accompanying drawings 
in which: 

FIG. 1 is a croSS-Sectional view of a high pressure Steam 
turbine taken through the main Steam inlet nozzles, 

FIG. 2 is a schematic of a side view of the outer cylinder 
to main Steam nozzle Sleeve connection and of the nozzle 
chamber to inner cylinder connection shown in FIG. 1; 

FIG. 3 is a schematic of a side view of a main steam 
nozzle trepan region being examined by two phased arrayS 
of ultraSonic transducers positioned on the inside circum 
ference of the nozzle sleeve Surface axially aligned with the 
trepan region; 

FIGS. 4A and 4B are schematic views of the trepan region 
of a Steam inlet nozzle Sleeve showing a phased array of 
ultraSonic transducers positioned on the outer circumferen 
tial Surface of the Sleeve at two different positions adjacent 
the trepan region; 

FIG. 5 is a schematic illustration of a nozzle chamber to 
cylinder Weld being interrogated using focused longitudinal 
waves from Several phased arrays of ultraSonic transducers, 

FIG. 6 is a schematic view of the nozzle chamber to 
cylinder weld illustrated in FIG. 5 with a pair of phased 
arrays of ultraSonic transducers shown focusing sheer waves 
acroSS the Weld; 

FIG. 7 is a schematic view of the chamber to cylinder 
weld illustrated in FIG. 5 being interrogated by two phased 
arrays of ultrasonic transducers employing sheer and/or 
longitudinal waves; 

FIG. 8A is a schematic view of a nozzle bore Scanner of 
this invention positioned within a main Steam nozzle focus 
ing a phased array of ultraSonic transducers on the trepan 
region; and 
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4 
FIG. 8B is a cross sectional view of the nozzle bore 

scanner illustrated in FIG. 8A taken along the lines “A-A” 
thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Experience has shown that high StreSSes develop in cer 
tain components of high pressure Steam turbines that can 
cause metal fatigue resulting in cracks in the component 
walls. If unattended, these cracks can result in forced out 
ages which are extremely expensive to the utilities that rely 
upon the Steam turbines to drive generators to produce 
electricity. FIG. 1 shows a croSS Section of a high preSSure 
steam turbine 10 having an outer cylinder 16 and an inner 
cylinder 18 and main steam inlet sleeves 12 which join the 
outer turbine at a trepan region 14. The main Steam inlet 
sleeves 12 are connected to a nozzle chamber 20 which is 
coupled to an inner cylinder 18 by a fillet weld 22 which can 
be better observed in FIG. 2. FIG. 2 is a schematic illustra 
tion of the main Steam inlet sleeve 12 and nozzle chamber 
20 assembly shown coupled to the outer cylinder 16 at the 
trepan region 14 and to the inner cylinder 18 at the fillet weld 
22. Experience has shown that the Steam inlet sleeve 12 is 
Susceptible to cracking in the trepan region 14 and that the 
fillet weld 22 is similarly susceptible to cracking. Off ine 
nondestructive examination of these regions during Sched 
uled outages is recommended to avoid unscheduled shut 
downs. Typical inspections in the past have taken between 
three and five days and has taken a Somewhat Subjective 
analysis to determine if fatigue cracks exists. No effective 
repair procedure exists. If a fatigue crack is noted the main 
Steam inlet sleeve has to be replaced at a cost of approxi 
mately $250,000, which extends the outage to accommodate 
the repair. Therefore, it is extremely important to the utilities 
that the nondestructive examination of these areas be accu 
rate and as objective as possible. To date, the nondestructive 
examination techniques that have been employed have dis 
rupted work on the turbine that could otherwise be per 
formed in parallel while the examination is in proceSS. These 
techniques have not been able to identify the depth of flaws 
noted and thus make the characterization of a noted flaw as 
a fatigue crack extremely Subjective. 
As shown in FIG. 3, this invention employs one or more 

linear phased arrays of ultraSonic transducers 24 on the 
inside circumference of the main Steam inlet sleeves in the 
trepan region 14 to inspect the trepan area for cracks. The 
linear phased array of ultrasonic transducers is Supported at 
an axial location on the Surface of the main Steam inlet 
sleeve and is moved axially with respect to the axis of the 
sleeve while its outputs are monitored to identify its proper 
positioning at the axial location to be monitored, in this case, 
the trepan region 14. Once the axial location is identified, the 
transducer's axial position is fixed and the linear phased 
array of ultraSonic transducers 24 is moved circumferen 
tially around the surface of the sleeve 12 at least 360 while 
the outputs of the linear phased array of ultraSonic trans 
ducers indicative of a fatigue-induced flaw in the wall of the 
main Steam inlet sleeve 12 is noted in a data collection 
System. The data is also viewed real time on a Screen 
attached to the controller which is figuratively shown in FIG. 
8A. If a fatigue-induced flaw is noted in the 360 circum 
ferential Scan the linear phased array of ultraSonic transduc 
erS 24 is routed circumferentially around the axial location 
along the inside Surface of the main Steam inlet sleeve 12 to 
the location where the most significant flaw was noted. The 
linear phased array of ultrasonic transducers is then Succes 
sively focused at different depths in the wall where the most 
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Significant flaw was noted to further characterize the depth 
and size of the flaw. While two linear phased arrays of 
ultraSonic transducers are shown in FIG. 3, only one is 
necessary. Two are shown only to illustrate that the Scan can 
be conducted at different angles. 
Some high pressure Steam turbine designs without disas 

Sembly will permit access to the trepan region using the 
Second leg of a refracted ultraSonic signal, that is transmitted 
from a focused linear array from the outside diameter 
Surface of the main Steam inlet pipe sleeve 12 as shown in 
FIG. 4. FIGS. 4A and 4B show two different angles of scan 
that can be employed for this purpose though it should be 
appreciated that the trepan region of the main Steam inlet 
nozzle sleeve can be interrogated using a multitude of Scan 
plans. 

FIG. 5 illustrates one scan plan that can be employed for 
interrogating the trepan region 44 of the nozzle chamber to 
inner cylinder welds 22. Linear phased arrayS 24 using 
focused longitudinal waves can be employed to inspect for 
cracks along the sheer plane as illustrated in FIG. 5. Three 
Such arrays of transducers are shown to illustrate that the 
Scans can be made at different radial positions around the 
exterior of the main Steam inlet sleeve 12 over the trepan 
region 44 adjacent and over the nozzle chamber to inner 
cylinder welds 22. Similarly, sheer waves can be used acroSS 
the top of the trepan region 44 as illustrated in FIG. 6. 
Additionally, sheer and/or longitudinal waves emanating 
from the inside diameter or outside diameter of the trepan 
region 44 can be employed for identifying cracks primarily 
on the radial plane as shown in FIG. 7. Remote visual 
equipment can be employed with this examination to con 
firm indications found using the linear phased array of 
ultraSonic transducers 24. The transducers preferably oper 
ate between 5 and 10 megahertz frequency and employ 32 
transducer elements operating in a pitch/catch mode Side 
by-Side design with a 16 element active aperture. A pulse/ 
echo 32 element linear array may also be employed. Ele 
ments of this type can be purchase from Kraut Kramer 
Ultrasonic Systems, Agfa NDT Inc., Lewiston, Pa. and RD 
Tech, Idaho Falls, Id. Software for controlling the arrays and 
processing the outputs can be obtained from RD Tech. 
A nozzle bore Scanner fixture 26 is illustrated in FIGS. 8A 

and 8B. The scanner fixture 26 axially locates the linear 
phased array of ultraSonic transducers 24 axially within the 
main Steam inlet sleeve 12 until the linear phased array of 
ultraSonic transducers 24 is focused on the trepan region 14 
of the main Steam inlet nozzle Sleeve 12. The linear phased 
array of ultraSonic transducers 24 is Supported from a central 
tool post 30 which is suspended from a mounting plate 28 
that interfaces with the face of the main Steam inlet nozzle. 
An adjustable mounting lug 32 in the mounting plate 28 
centers the tool post 30. The tool post 30 is moved axially 
as well as rotated to circumferentially position the ultraSonic 
probe 24 through a gear drive 36 and drive motor 34 which 
are Secured to the mounting plate 28. Three Spring-loaded 
centering guide rollers 38 are circumferentially positioned 
around the inner circumference of the main Steam nozzle 
sleeve 12 to center the tool post 30. The centering of the tool 
post 30 by the spring-loaded centering guide rollers 38 can 
better be appreciated from the croSS Sectional view shown in 
FIG. 8B. A wedge 40 extending from the ultrasonic trans 
ducer probe bracket rides on the inner Surface of the main 
Steam inlet sleeve and dispenses a wetting Solution that 
promotes coupling of the ultraSonic Signal between the 
ultraSonic transducer probe 24 and the Surface of the main 
steam inlet sleeve 12. Preferably, the wedge has the same 
contour as the inner Surface of the main Steam inlet sleeve 
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6 
12, and promotes the coupling of the ultraSonic Signal. The 
outputs from the ultraSonic transducer probe 24 are routed 
through the tool post 30 to a controller and data collector 42 
that both collects and Stores the data and controls the motor 
34 to properly position the probe 24 in accordance with the 
Steps of this invention. An encoder on the motor or one 
positioned on the guide rollers 38 can be used to accurately 
show the position of the linear phased array of ultrasonic 
transducers. Alternately, the motor 34 can be replaced with 
a hand wheel for manual operation. 
While a specific embodiment of the invention has been 

described in detail, it will be appreciated by those skilled in 
the art that various modifications and alternatives to those 
details could be developed in light of the overall teachings 
of the disclosure. For example, more than one linear phased 
array of ultraSonic transducers can be employed Simulta 
neously and any number of Scan patterns can be used for 
each examination. Accordingly, the particular embodiments 
disclosed are meant to illustrative only and not limiting as to 
the scope of the invention which is to be given the full 
breadth of the appended claims and any and all equivalents 
thereof 
What is claimed is: 
1. A method for inspecting a cylinder component of 

high-pressure cylinders of Steam turbines, wherein the cyl 
inder component has an axial dimension, comprising the 
Steps of 

Supporting a linear phased array of ultraSonic transducers 
at an axial location along a Surface of the cylinder 
component, 

moving the linear phased array of ultraSonic transducers 
axially while monitoring linear phased array of ultra 
Sonic transducers output to identify an axial location to 
be monitored; 

fixing the linear phased array of ultrasonic transducers at 
the axial location to be monitored; 

moving the linear phased array of ultraSonic transducers 
circumferentially around the Surface of the cylinder 
component at least 360 at the axial location while 
noting outputs of the linear phased array of ultrasonic 
transducers indicative of fatigue induced flaws in a wall 
of the cylinder component; 

routing the linear phased array of ultraSonic transducers 
circumferentially around the fixed axial location where 
a most significant flaw was noted from the linear 
phased array of ultrasonic transducers outputs during 
the Step of moving the linear phased array of ultrasonic 
transducers circumferentially; and 

Successively focusing the linear phased array of ultrasonic 
transducers at different depths in the wall where the 
most significant flaw was noted to further characterize 
the depth and size of the flaw. 

2. The method of claim 1, wherein the linear phased array 
of ultrasonic transducers are Supported on an inside Surface 
of the cylinder component. 

3. The method of claim 1, wherein the linear phased array 
of ultrasonic transducers are Supported on an outside Surface 
of the cylinder component. 

4. The method of claim 1 including the step of remotely 
positioning the linear phased array of ultraSonic transducers 
on the Surface of the cylinder component. 

5. The method of claim 1 including the step of remotely 
recording a circumferential position of the linear phased 
array of ultraSonic transducers on the Surface of the cylinder 
component. 

6. The method of claim 5 including the step of coordi 
nating the recorded circumferential position to correspond 
ing outputs of the linear phased array of ultraSonic trans 
ducers. 
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7. The method of claim 1, wherein a significant indication 
of a potential flaw is detected including the Step of perform 
ing a magnetic rubber nondestructive examination on a 
Surface of a Stream inlet nozzle over an area where the 
Significant indication of a potential flaw is detected. 

8. The method of claim 1 wherein the cylinder component 
is a main Steam inlet nozzle Sleeve on high-pressure outer 
cylinder of the steam turbines. 

9. The method of claim 8 wherein the axial location to be 
monitored is a trepan region of the main Steam inlet nozzle. 

10. The method of claim 1 wherein the axial location to 
be monitored is a nozzle chamber to cylinder welds on a 
high-pressure inner cylinder of a Steam turbine. 

11. The method of claim 1 including the steps of: 
radially moving the linear phased array of ultrasonic 

transducers to a new radial position adjacent a radial 
location on the Surface of the cylindrical component 
previously Scanned; 

fixing the linear phased array of ultraSonic transducers at 
the new radial position; 

moving the linear phased array of ultraSonic transducers 
circumferentially around the Surface of the cylinder 
component at least 360 while noting outputs of the 
linear phased array of ultrasonic transducers indicative 
of fatigue induced flaws in the wall of the cylinder 
component at the new radial position; 

routing the linear phased array of ultraSonic transducers 
circumferentially around the new radial position where 
a most significant flaw was noted from the linear 
phased array of ultraSonic transducers outputs during 
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the immediately preceding Step of moving the linear 
phased array of ultraSonic transducers circumferen 
tially; and 

Successively focusing the linear phased array of ultrasonic 
transducers at different depths in the wall to further 
characterize the depth and size of the flaw at a circum 
ferential position routed in the immediately preceding 
Step of routing the linear phased array of ultrasonic 
transducers. 

12. The method of claim 1 wherein the cylinder compo 
nent is a main Steam inlet nozzle sleeve on a high-pressure 
outer cylinder of the Steam turbines and the axial location to 
be monitored is the trepan region on the main Steam inlet 
nozzle Sleeve including the Steps of 

Supporting the linear phased array of ultraSonic transduc 
erS on an outside Surface of the main Steam inlet nozzle 
sleeve upstream of the trepan region; and 

reflecting Signals from the phased array of ultrasonic 
transducers off of an inside wall of the main Steam inlet 
nozzle sleeve, to the trepan region. 

13. The method of claim 12 wherein the Supporting and 
reflecting Steps are conducted without disassembling the 
cylinder component. 

14. The method of claim 13 wherein the supporting step 
of Supporting the linear phased array of ultraSonic transduc 
erS on an outside Surface of the main Steam inlet nozzle 
sleeve and the Step of reflecting Signals are conducted from 
outside the high-pressure outer cylinder. 

k k k k k 


